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(54) PROTEIN CAPABLE OF COMBINING WITH TBP TO FORM COMPLEX, POLYNUCLEOTIDE 

CODING FOR SAID PROTEIN, ANTI-SENSE POLYNUCLEOTIDE OF SAID POLYNUCLEOTIDE, 
AND ANTIBODY CAPABLE OF RECOGNIZING SAID PROTEIN 

(57) The present invention encompasses proteins 
comprising amino acid sequences set forth in SEQ ID 
NO: 3 in Sequence Listing, mutants thereof, and their 
homologue proteins. The proteins of the present inven- 
tion have not only an ability to form a complex with TBP 
but also ATPase activity and DNA helicase activity. The 
present invention also encompasses genes coding the 
above-mentioned proteins. The present invention fur- 
ther encompasses antibodies specifically combining the 
above-mentioned proteins. 
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Description 
TECHNICAL FIELD 

[0001 ] This invention relates to a protein existing commonly in mammal tissues and forming a complex with TBP pol v- 
the protein ^ Pr0t8in ' antiS6nse P° | y nucle o tid e corresponding to the polynucleotide and antibody recognizing 

BACKGROUND ART 

[0002] Carcinoma or cancer is known to occur because of some abnormality in a gene. A change or abnormality in 
the gene at its transcription level, in particular, is regarded as a major cause of cancer. Investigating a gene which is 
responsible for tumorogenesis is an indispensable important subject to elucidate the mechanism of onset of carcinoma 
or rea ,ze development of diagnosis method of cancer or treatment of cancer. Seeing such a gene has been performed 
eagerly since about 1980. ^ w 

[0003] On the other hand, as a major factor of gene transcription, TBP (TATA binding protein) has been known to be 
involved in the ^transcription of any genes in organisms. Specifically, it has been reported that, when DNA is transcribed 
to mRNA, TBP binds to a promoter region of the DNA, thereby controlling the transcription of genes. Then TBP is 
assumed to have functions corresponding to different transcription controls of individual genes. It is presumed that TBP 
forms complexes with other various proteins, thereby yielding the individual functions depending on the configurations 
of their associating proteins or complexes. s 
[0004] A wide range of the above-mentioned proteins forming complexes with TBP have conventionally been identi- 
fied, such as TAFs (TBP associating factors). Dr1 , and Dr2, which are considered to relate to gene transcription as well 
as cancer-related genes such ad Tat. p53, and Rb, and so forth. 

[0005] On the other hand, among the inventors. Tamura and MaWno have elucidated a method of acquiring proteins 
expressed in only a minute amount or proteins having a low antigenicity and genes coding them ("Bio-Manual Series 5 
Transcr.pt.on Factor Studying Method." pp. 11 to 16. pp. 27-37, pp. 189-196, and pp. 215-219 (Yodosha 1993) 
5? I, the abo^-mentioned method, the inventors have disclosed in Japanese Patent Application Laid- 

Open No. 9-77792. as a protein which binds to TBP and specifically increases its expression in cancer TIP120 protein 
30 a gene coding this protein, and an antibody for this protein. 

DISCLOSURE OF THE INVENTION 

[0007] An object of this invention is to acquire a novel protein forming a complex with TBP which is a major factor of 
35 gene transcription. 

[0008] Also, another object of this invention is to provide a gene coding said protein and to provide an antibody rec- 
ognizing said protein. ' 

[0009] Further, another object of this invention is to realize detecting said protein using said antibody. 
[0010] Further, another object of this invention is to provide a method to acquire a homologue of said protein forming 
fn^T, = W ' th TBP ' 3 hornoto ^ ous P rote 'n acquired by said method and a gene coding said homologous protein 

2} u I US ' n9 3 meth0d im P rovin 9 tne above-mentioned method of Tamura and Makino. the inventors have deter- 
m.ned the base sequence of a gene (TIP49 gene) for a protein which forms a complex with TBP and has a molecular 
weight of 49 KD (the protein being named TIP49). Also, the inventors have determined an amino acid sequence coded 
Dy this gene. 

[0012] Further, a recombinant protein coded by TIP49 gene has been prepared, and it has been confirmed that this 
recombinant protein has the same characteristics as TIP49 which exists in nature 

AIS °; usin9 ,P NA which is a of TIP4 9 9enes as a probe, from a cDNA library which is different from the 
fl t ^?u y u m thS Pr ° be DNA 035 been acquired ' cDNA (homo'ogue of TIP49 gene) to which the probe 
hybndized has been acquired by the probe has been acquired, and the amino acid sequence coded by this cDNA has 
been determined. 

[0014] Also, by immunizing with TIP49 protein an animal other than the animal from which this protein is originated 

fn^!^ °^. reC09n,2in9 thiS pr ° tein haS been acc * uired ' and *e antigenicity of the protein has been confirmed 
[001 5] This invention provides the following: 

A protein selected from the following groups (a) and (b): 

(a) a protein comprising the amino acid sequence set forth in SEQ ID NO.1 in the Sequence Listing- 

(b) a protein having the activity of forming a complex with TBP and comprising the amino acid sequence mod- 
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30 



35 



rfied by substitution, deletion or addition of one or plural amino acid(s) in the amino acid sequence set forth in 
SEQ ID NO.1 in the Sequence Listing. 

2. A protein selected from the following groups (c) and (d): 

(a) a protein comprising the amino acid sequence set forth in SEQ ID N0.3 in the Sequence Listing, 
b a p o e n Sving the activity of forming a complex with TBP and comprising the ammo acd wencemod- 
!hed bTsubstitution. deletion or addition of one or plural amino acid(s) in the ammo acd sequence set forth m 
SEQ ID N0.3 in the Sequence Listing. 

3 A Drotein of the aforementioned item 1 or 2 further having the ATPase activity. 

4. A j££ of any one of the aforementioned items 1 to 3 further having DNA hehcase actrvrty. 

5. A protein selected from the following groups (e) and (f): 

(e) a protein having the activity of forming a complex with TBP and comprising a part of the amino acid 
«;eauence set forth in SEQ ID NO.1 in the Sequence Listing; 

m oroTef fSZc the activity of forming a complex with TBP and comprising a part of the amino acd 
llSSTlS^-i-il^ deletion or addition of one or plural amino acid(s) in the ammo acd 
sequence set forth in SEQ ID NO.1 in the Sequence Usting. 

6. A protein selected from the following groups (g) and (h): 

(g) a protein having the activity of forming a complex with TBP and comprising a part of the amino acid 
cennpnre set forth in SEQ ID NO.3 in the Sequence Listing; 

W^STSE, the activity of forming a complex with TBP and compriamg . i part of *e ammo acd 
sequence modified by substitution, deletion or addition of one or plural ammo ac.d(s) m the ammo acd 
sequence set forth in SEQ ID NO.3 in the Sequence Usting. 

7 A protein of the aforementioned item 5 or 6 further having the ATPase activity. 
Further this invention provides the following polynucleotides. 

8 A protein of any one of the aforementioned items 5 to 7 further having DNA hehcase activity. 

9 DNA coding the protein of any one of the aforementioned items 1 to 8. 
10. DNA comprising the base sequence set forth in SEQ ID NO.2 or 4. 
11 RMA coded bv the DNA of the aforementioned item 9 or 10. 

2. HntSfse DNA corresponding to the DNA of the rtem 9 or 10. an antJsense RNA , ^responding to the RNA 
of the aforementioned item 1 1 . or an antJsense polynucleotide comprising a derivative thereof. 
?3 A pSnudSfcomprising a part of the polynucleotide of any one of the aforementioned items 9 to 12 and 

STS^ Pdynud^e of any one of the aforemention* items 9 to 12 and 

of theTfore^ items 5 J 8. an antisense RNA corresponding to the RNA coding the protein of any one of 
I afo^entionSVems 5 or 8. or an antisense polynucleotide comprising a derivative thereof, wherein the po.y- 

5™ method for obtaining cDNA which is a homologue of the DNA of the aforementioned item 10. wherein using 
^SSSS^dt the aforementioned item 13 or 15 as a probe. cDNA hybridizing to said polynucleotide ,s 

obtained from a cDNA library. n , nKin9nr4 and w hich 

1 8. CDNA which is a homologue of the DNA comprising the base sequence set forth m SEQ ID NO.2 or 4 and which 

is obtained by said method obtaining cDNA. Q 
1 g A protein which is a homologue of the protein comprising the ammo acd sequence set forth m SEQ ID NO. 
3 wherein the Drotein comprises an amino acid sequence coded by said cDNA. „„ Q „ ftho 
20 Ar i amibodi '(embracing polyclonal antibody and monoclonal antibody) recognizmg the protem of any one of the 

^ A method for detecting the protein of any one of the aforementioned items 1 to 8 and 19. characterized in using 
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the antibody recognizing said proteins. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

r™^ Ph0l ° S ? Ph , Sh0Wi 1 thS reSU ' tS ° f two dimensional 9el electrophoresis of rat hepatic cell extract liquid M 
represents a molecular we.ght marker. An arrow indicates the dot the amino acid sequence of which was deter- 

Fig.2 is a graph showing the amino acid sequence of rat TIP49 protein and the base sequence of rat TIP49 gene 

r»?Tipi 9raP H W,n9 ° l09y b6tWeen rat T,P49 Pf0tein and protozoan RuvB ^d homology betoeen 

rat TIP49 gene and protozoan RuvB gene respectively. 

Fig.4 is a photograph showing the results of Northern blot hybridization using gel electrophoresis of polyA RNA 
originated from rat hepatic cell by use of a part of TIP49 gene as a probe ^ 
Fig.5 is a photograph showing the results of Northern blot hybridization using gel electrophoresis of polyA RNA 
originated from various tissues of rat by use of a part of TIP49 gene as a probe 

4 to Van&Z T^gene 1 " 33 ^' 5 **** ***** hiStidinS ^ WaS transduced and which was u *ed * Example 

SI 1? a pn °*°9 ra P h c sh o win 9 the results of gel electrophoresis of the cell extract and purified protein thereof which 
were obtained from E.coh m which recombinant TIP49 was expressed. 
Fig.SA is a chart of the column pattern of MonoQ by which TIP49 protein was purified 

Br?i?ntBrue) h0t09raPh ShCW ' n9 * ^ e,ectro P horesis <* P urified TIP4 9 protein(stained by Coomassie 

Fig.9 is a photograph showing the results of analysis of rat hepatic cell nuclear extract liquid, crude TIP49 from said 

SrtTlpS^SSf r6COmbinant T,P49 PUrifi6d by N - NTA agarase COlumn ' by Western blo « n 9 method using 

hlnliln p ^ ot °9 ra P h / howin 9 tne r <*u'ts of analysis by Western blotting of precipitate, supernatant and rat 
hepatic ce I extract; said precprtate and said supernatant were obtained by using arrti HA antibody immunopredp- 

TBpTtlST ^M?^^ by 6XpreSSing HA " TBP in animal cel1 " ln said ^'VSis as iL antZy anti 
TBP antibody, ant. HA antbody or ant. TIP49 antibody was used in the case of the upper column A of Fig 10 the 
middle column B or the bottom column C respectively. 9 ' 

pSifiedby 1 SoQ h ° Win9 rSSUltS ° f measuremerrt ' by a ,k ' uid scintillation counter, of ATPase activity of TIP49 
Fig. 1 2 is a graph showing the results of measurement of ATPase activity of TIP49 purified by MonoQ measured by 
a Hquid sc.nt.Hat.on counter under the conditions in which various nucleic acids were added to the solution of TIP49 

9 , ' ™,? hot ° 9 lf ph snowin 9 the results of gel electrophoresis of the reactant obtained by reaction between a 
sample DNA and TIP49 purified by MonoQ. *»w«n oeiween a 

Best Modes for Carrying Out the Invention 

•TH J" thS Pr6Sent invention - as wiM be explained later in Examples. TIP49 forming a complex with TBP has been 
isolated from a rat liver, and human T.P49 gene has further been acquired as shown in Exampte 10 Since TBF ' fs a 
major factor for the transcription of any genes of organisms, it is presumed, with a very high possibility, that organisms 

: * rrr ay have a protein havina the same functions as those * t» Sun^JSiwSsr 

Therefore, by the method disclosed in Example 10. homologues of TIP49 are obtained from organisms other tnan 
humans or ra fc. Also, TIP49 gene widely exists in various tissues as verified in Examp.e 4, and T.P49 genet a ge^e 
■reived in DNA disorders as shown in Examp.e 2, thereby strongly suggesting that T.P49 gene is a gene^olv^n 
DNA disorders not only in liver but also in any other tissues. 'nvwvea in 

3 0?°to 9 4 h r^! n0 H aCid Seque , nC6S somewnat differ amo "9 species, it has generally been considered that a homol- 
ogy of 30% to 40 A, and over ex.sts among proteins having the same functions among different species The existence 

fridTS" Z T ^"f ' 35 9enera " y C ° nSid6red - by 3 CalCUlatin 9 me,h0d whicn c °^s a homologoS^o 
acid as Pos-t-ve; and when the length of amino acid chains differ from each other, the ratio of the part havinga homology 
.s indicated based on the length of the protein whose amino acid chain is shorter nomoiogy 

Eac^ level'Z ™£* ™ ° f hUmaa ^ eaCh 0nly in 0ne arnino acid on » e 

amino aodj level, thus TIP49 ,s a prote.n conserv.ng the amino acid sequence very well between the species 

Strp^h atp Z 49 ac u cordance wi,n the P re sent invention are characterized in that it forms a complex 

mlSr^ "^ f 6 ^ ° r h3S 3 ° NA h6liCaSe aCtivrty " ^ 030 be for example, by using the 

methods disclosed in Examples 7 to 9 in their respective cases. 8 
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S^Sr^rtrweS sequence set forth in SEQ ID NO.1 or NO.3 of the Sequence Usbng. 
SST^^^I^tMKSL. * « Pr-n, ,™e n «=n - « ». fences 

inhibit biosynthesis of proteins at any of the following stages. 

(1) transcription from the gene to pre-mRNA; 

(2) processing from the pre-mRNA to mature mRNA; 

(3) passing of the mature mRNA through nuclear membranes; 

(4) translation of the mature mRNA to the protein. 
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SS h r i0a ! e • ' n CaS6 ' * he s y nthesi2i "9 operations may be conducted according to the Manual 
attached to the chem.cal synthes.zer and the synthesized products as obtained can be purified by one of HPLC Sh 
ods^ng reverse phase chromatography or the like in order to produce the desired WSfi^oTSSSS 

5 to d h e ;; h ?!p^ g Tne 0r ' ^ ° f P ° ,ynUC,e0tides » antisense PO'/nudeotides o, this invention can be used as 

I!SfL J he H U T!f/ °1 kir S ° f human Pr0tein is said t0 be 3 x 1 ° 9 Therefore. DNA of 16 bases which comes in 4" 
2E££2T£!? C 6 t0 reC ° 9niZe any hUman Pr ° teins individua,| y- That is *• 'ength rS o?a prcie is 
ro Sst^ 

S^n^no/ ^'T "If 35 the Pr0be may be a n °"-coding region or a coding region. The region whose GC con- 
Sii tL ™, IS P ? If 6 m VI6W ° f th6 6356 ° f b **"* of its stereochemical sfructure 

E? i Pdynnucleotides or antisense polynucleotides of this invention used for a probe can be detected if thev 
have been labeled It is preferable to use, for instance, radioisotopes (Rl), fluorescent material^ gF^ST^Z 

T 65 ' 9nd aV ' d,n ° r bi ° tin 38 labeiin9 means - Es P ecia »* « * referable to use Rl 
22? i Me ! hods / ^ r detectin 9 9 enes are - f ° r ^stance, Northern blot hybridization. RT-PCR (Current Protocols in 

chSMT° 9y ne shin9 Associates and Wi,ey - Juter Science) - Chapter 1 5) - and in ^^SS!S£ 

fSJU ° Pti ^ Um ""f 0 " 5 for hybricization are different according to the length of the probe or a membrane 
used. That is. conditions for hybridization naturally have a certain range P membrane 

m^nl^f^' 65 1*1! prSSent invention disc,ose 0 P timum conditions worked out in view of the nature of the 
S n^. r 6 *• ? amP,eS 3nd the ' en9th ° f the probe - » the membrane the probe .ength d2 hybrid 
SEiESS ^ ""^ different h y bridi2ation ^itions. For instance. hybndization "i2y be 

effected in the absence of sodium pyrophosphate. A standard embodiment is as follows: 

(1) Prehybridization conditions 
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6to10xSSC 

5 to 10 x Denhardt's solution 

Not more than 0.1% sodium pyrophosphate 

About 100 ng/ml thermally denatured DNA 

O.I to 1% SDS 

Total liquid amount about 50ml 

Reaction temperature 35 to 37°C 

Reaction time 50 minutes to 70 minutes 

(2) Hybridization conditions 



6 to 10 x SSC 
«> 5 to 1 0 x Denhardt's solution 

Not more than 0.1% sodium pyrophosphate 

About 100 ug/rnl thermally denatured DNA 

1 x 10 6 to 2 x 10 s cpm/ml cDNA probe 

Reaction temperature 35 to 42°C 
<s Reaction time 12 to 20 hours 

[0042] It has been well-known, when chemically synthesizing DNA or RNA. to perform a chemical modification surh 

or Rn£ can fT.^T ^° lynucleoXKies within ,heir ***** In the present invention, any chemically modMedDfS 
~ S ™h IT Part ' CUlar Pr0b,6m 35 IOn9 33 * <*" exhibit a ° f coding a protein oTa Sictton 

55 2 i . h k°- ^ 5 em 'f ' y m0dified 3ntiSense P^nucleotide can be used without any Jt^SZu^Z 

[0044] With respect to the antigenicity of TIP49, this invention makes it clear that an antibody can be easilv obtained 
by .mmumzmg an anima. except the animal from which said T.P49 origined. as illustrated in &ai^le 5 Therefore, an 
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antibody of this invention recognizing TIP49 embraces either of polyclonal antibody and antiserum which are obtained 
by immunizing an animal except the animal from which said TIP49 originated, and which can be confirmed to recognize 
TIP49 of this invention by Western blotting method ELISA method immunostaining method (e.g., measurement by 
FACS) and so on. 

5 [0045] Also, as an immunogen it is often performed to use a part of protein or the part of protein to which any other 
carrier protein such as a bovine serum is attached. Said part of protein may be synthesized by a peptide synthesizer. 
Also, said part of protein preferably comprise 8 or more amino acids. 

[0046] With respect to a substance whose antigencity was made public, it is well known that if a polyclonal antibody 
was obtained by sensitization, a monoclonal antibody is secreted by the hybridoma obtained from the lymphocytes of 
10 the sensitized animal (Chapter 6, Antibodies A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1988).There- 
fore, antibodies recognizing TIP49 of this invention embrace monoclonal antibodies in the scope. 
[0047] In this invention, an antibody also embraces an active fragment thereof. An active fragment means a fragment 
of an antibody having activity of antigen-antibody reaction. Specifically named, there are active fragments, such as 
F(ab') 2 , Fab', Fab, and Fv. 

is [0048] For example, F(ab') 2 results if the antibody of this invention is digested with pepsin, and Fab results if digested 
with papain. Fab' results if Ffab'k '$ reduced with reagent such as 2-mercaptoethanol and alkylated with monoiodoace- 
tic acid. Fv is a mono active fragment that the variable region of heavy chain and the variable region of light chain are 
connected with a linker. 

[0049] A chimeric antibody is obtained by conserving these active fragments and substituting the fragments of 

20 another animal for the fragments other than these active fragments. 

[0050] Methods for detecting TIP49 embrace, for example, the use of an antibodies and the use of enzyme reaction. 
[0051] Methods using antibodies are specifically (1) a method for detecting TIP49 by use of antibodies recognizing 
TIP49, and (2) a method for detecting TIP49 by use of antibodies recognizing TIP49 and labeled secondary antibodies 
to said antibodies. For instance, radioisotopes(RI), enzymes, avidin or biotin, and fluorescent materials(FITC or rhod- 

25 amine) are available for labeling. 

[0052] For a methods using enzyme reaction, for example, ELISA may be available. 

Examples 

30 [0053] The present invention will further be explained with reference to the following examples, which would not 
restrict the present invention. 

(Example 1) Isolation of TIP49 Gene and Determination of Amino Acid Sequence of TIP49 
35 1 . Preparation of Rat Nuclear Extract 

[0054] In conformity to the method described in "Bio-Manual Series 5, Transcription Factor studying method pp. 27- 

37 (Yodosha, 1993), 25 ml of rat liver cell nuclear extract was prepared. 

[0055] Specifically, the following process was taken. Each operation was performed at 4°C. 

40 [0056] The liver (20 g) was taken out from a rat, immersed in cool PBS, and then washed with PBS three times. Sub- 
sequently, tissues of the liver were cut into small pieces with scissors and transferred to a homogenizer. Thereafter, 60 
ml of sucrose solution I (10 mM Hepes (pH 7.6), 15 mM KCI. 0.15 mM spermine, 0.5 mM spermidine, 1 mM EDTA, 2.2 
M sucrose, 5% glycerin, 0.5 mM DTT, 0.5 mM PMSF, 14 ug/ml aprotinin) were added thereto and homogenized 
together. Into a centrifuge tube, 10 ml of sucrose solution II (10 mM Hepes (pH 7.6), 15 mM KCI, 0.15 mM spermine, 

45 0.5 mM spermidine, 1 mM EDTA, 2 M sucrose, 10% glycerin, 0.5 mM DTT, 0.5 mM PMSF, 14 ug/ml aprotinin) were 
introduced. The homogenized sample was superposed thereon, and the resulting mixture was centrifuged at 24,000 
rpm for 50 minutes. The sediment was suspended in 5 ml of nuclear solution (10 mM Hepes (pH 7.6), 100 mM KCI, 0.1 
mM EDTA, 10% glycerin, 3 mM MgCI 2 . 0.5 mM DTT, 0.1 mM PMSF, 14 ug/ml aprotinin), and the whole volume was 
measured. The absorbance of this liquid at 260 nm was measured, and the DNA concentration was adjusted to 0.5 to 

so 1 .0 mg/ml. KCI was added thereto such that the final concentration became 0.55 M. After being mixed slowly, the mix- 
ture was shaken for 15 minutes, so as to dissolve the nucleus. Subsequently, the mixture was centrifuged at 40,000 rpm 
for 60 minutes. The centrifuged supernatant was collected, and 0.3 g of ammonium sulfate was added thereto per 1 ml 
of the liquid, so as to effect ammonium sulfate precipitation. Then, the mixture was centrifuged at 35.000 rpm for 30 min- 
utes. The supernatant was discarded, the sediment was dissolved in a small amount (0.2 to 0.5 ml) of dialysis liquid (25 

55 mM Hepes (pH 7.6), 0.1 mM EDTA. 40 mM KCI, 10% glycerin, 1 mM DTT). and the solution thus obtained was further 
dialyzed with the above-mentioned dialysis liquid. After the completion of dialysis, centrifuge (at 12,000 rpm for 5 min- 
utes) was effected again, the supernatant was collected, and its protein concentration was adjusted to 10 mg/ml by 
measuring the absorbance at 260 nm and 230 nm, so as to yield a nuclear extract. The nuclear extract thus obtained 
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was conserved at -80°C until its use. 

[0057] The protein was isolated from the rat liver cell nuclear extract on the basis of the method described in "Bio- 
Manual Series 5, Transcription Factor Studying Method," pp. 215-219 (Yodosha, 1993). In practice, the rat liver nuclear 
extract was used in place of the TFIID fraction. 

2. Two-dimensional Electrophoresis 

[0058] 

1) The above-mentioned rat liver nuclear extract was processed as being passed through a nickel column (namely, 
a prep column (manufactured by Bio-Rad Laboratories) which contained 1 ml of Ni-NTA agarose (manufactured by 
Quiagen Ltd.)), 800 ^l of the extract thus processed and 240 \i\ of HXm TBP-C (C-terminal protein of mouse TBP 
having a tag which consisted of 6 histidine residues linked to each other (see Nucleic Acids Res. 22, 1 179-1 185 
(1994)) were reacted at 4°C for 12 hours. Thereafter, 80 *il of 50%-siurry nickel NTAP agarose (manufactured by 
Quiagen Ltd.) was added to the reaction liquid, in which the reaction was allowed to proceed at 4°C for an hour. 

2) The reactant (gel) generated above was collected, washed with NP 0.1 (20)(25 mM HEPES/KOH (pH 7.9), 10% 
glycerol, 0.1 M KCI, 0.5 M NaCI, 0.1% NP-40, 20 mM imidazolehydrochloric acid (pH 7.9), 1 mM PMSF, 0.5 mM 
2ME) buffer, and then was eluted with 100 ^il of 8 M urea solution (8 M urea, 0.1 M NaH 2 P0 4 , 0.01 M Tris) for 20 
minutes. This process was repeated four times. 

3) The eluate, with 1/4 volume of TCA solution (100% (w/v) TCA, 4 mg/ml deoxycholic acid) added thereto, was left 
for 30 minutes at 4°C and then was centrifuged at 15000 rpm for 30 minutes. 

4) After the centrifuge, the supernatant was removed, and the sediment was washed three times with 1 ml of 100% 
acetone. 

5) After acetone was removed as being aspirated with a vacuum pump, the sediment was suspended with 5 of 
8 M urea solution and 1 nl of 20 sample solution (1 .7% SDS, 3.3% Triton X-100, 2.4 M 2-mercaptoethanol, 1/3 vol- 
ume Bio-Lyte 3/10 (manufactured by BIO-RAD)), and the suspension thus obtained was mounted as a sample on 
a tube gel for isoelectric focusing. 

6) On the sample, 5 nl of sample protecting solution (2% Triton X-100, 1/20 volume Bio-Lyte 3/10) were super- 
posed. While using 0.1 N NaOH solution and 0.06% H 3 P0 4 solution as the upper and lower electrophoresis solu- 
tions, respectively, electrophoresis was effected for 10 minutes at 400 V and for 45 minutes at 800 V. 

7) After the electrophoresis, the gel was taken out, immersed in SDS reducing solution (125 mM Tris/HCI (pH 6.8), 
10% glycerol, 2% (w/v) SDS, 0.72 M 2-mercaptoethanol, 0.00125% (w/v) Bromophenol Blue) for 10 minutes, and 
then was subjected to electrophoresis at 35 mA for 3 hours on a slab gel for SDS-PAGE. 

8) After the SDS-PAGE, the transfer of the protein from the gel to a membrane (manufactured by Millipore) was per- 
formed by a conventional method using an electroblotting apparatus (manufactured by Nihon Eido). Thereafter, the 
protein was stained with Coomassie Brilliant Blue. 

[0059] Fig. 1 shows the results of the two-dimensional electrophoresis. 

3. Determination of Partial Amino Acid Sequence in Rat Nuclear Extract 

[0060] The part of each dot transcribed to the membrane was cut with a cutter knife, the part thus cut was digested 
with lysyl peptidase, and then fractionated into individual peptide fragments by high-performance liquid chromatogra- 
phy, one of which was subsequently analyzed with a protein sequencer (manufactured by Beckman). From the dots indi- 
cated by arrows in Fig. 1 , four peptide fragments made of unknown amino acid sequences (the following sequences (1) 
to (4)) were obtained. 

(1) MKIEEVKSTTK 

(2) QAASGLVGQENA 

(3) EVYEGEVTEL 

(4) ILADQQD 

4. Synthesis of DNA Probe Corresponding to Protein in Rat Liver Cell Nuclear Extract 
[0061] 

1) Using a DNA synthesizer (manufactured by ABI), a DNA probe whose sequence represented by the following 
sequence (5) or (6) and a DNA probe whose sequence represented by the following sequence (7) were synthe- 
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sized according to the above-mentioned amino acid sequences (4). 

(5) GCIGATCAIC AIGATCGITA CATG 

(6) GCICATCAIC AIGATAGRTA CATG 
5 (7) GAIGTITATG AIGGIGAIGT 

Here, A, T, G, C, I. and R represent bases which are adenine, thymine, guanine, cytosine, inosine, and adenine 
or guanine, respectively. 

w 2) The DNA probes represented by the above-mentioned sequences (5) to (7) were labeled with Takara MEGA 
LABEL Kit (trademark; manufactured by Takara Shuzo Co., Ltd.) in conformity to its instruction manual. 
3) Then, a DNA reaction liquid having the following composition was prepared, incubated at 37°C for 30 minutes, 
and then heat-treated at 70°C for 10 minutes, so as to deactivate enzymes. 

15 



DNA probe (2 pmol/nl) 


3 nl 


10x phosphorylation buffer 


3 til 


[y- 32 P]ATP (370 MBq/ml) (manufactured by Amersham) 


5^1 


T4 polynucleotide kinase 


1 nl 




total 10 nl 



25 

4) Sephadex G-25 (trademark; manufactured by Pharmacia AB) equilibrated wrth T50E (50 mM Tris-CI pH 8.0, 1 
mM EDTA) was charged into a 1.5-ml poly-prep column (manufactured by Bio-Rad Laboratories, Inc.) such as to 
yield a bed volume of 1 ml, and the DNA reaction liquid heat-treated in 3) was mounted on the column. 

5) Thereafter, 200 nl of T50E was caused to flow through the column four times, and the fraction eluted in the sec- 
30 ond 200 \i\ was used as a DNA probe fraction in the subsequent operations. 

5. Acquisition of Gene from Rat Liver cDNA Library Using DNA Probe Corresponding to Protein in Rat Liver Cell 
Nuclear Extract 

35 [0062] 

1) A Wistar-line rat liver cDNA library was prepared according to a conventional method by using Timesaver cDNA 
Synthesis Kit (trademark; manufactured by Pharmacia AB). By using this cDNA library, plaques on the order of 10 6 
were prepared on a NZY agar culture, This cDNA library was fixed onto a nitrocellulose membrane (manufactured 

40 by Millipore Corp.) according to the method described in "Molecular Cloning Second Edition'' (Cold Spring Harbor 
Laboratory Press, 1989), Chapter 9. Then, this membrane was washed with 2 x SSC at 60°C. 

2) Of the labeled DNA probe fraction obtained by 4. , 1 50 ^l were hybridized with the cDNA probe fixed on the mem- 
brane under the following conditions. 

45 (1) Prehybridization 

6xSSC 

5 x Denhaldt's 

0.05% sodium pyrophosphate 
so 100 pi/ml denatured herring sperm DNA 

0.5% SDS 

total liquid amount: 50 ml 
reaction temperature: 37°C 
reaction time: 1 hr 

55 

(2) Hybridization 
6xSSC 
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1 x Denhaldt's 

0.05% sodium pyrophosphate 
100 fil/ml denatured herring sperm DNA 
1 x 10 6 cpm/ml cDNA probe 
5 total liquid amount: 50 ml 

reaction temperature: 42°C 
reaction time: 18 hr 

3) The nitrocellulose membrane on which the hybridization was finished was washed under each of the following 
10 conditions. 

0) 

6 x SSC, 0.1% SDS: 500 ml 
15 temperature: 40°C 

time: 20 min 

(2) 

20 3 x SSC, 0.1% SDS: 500 ml 

time: 42°C 
time: 20 min 

4) The washed nitrocellulose membrane was exposed to KODAK XAR5 film at -80°C for one night, so as to yield 
25 an autoradiograph. 

5) From the autoradiograph thus obtained, positions of positive plaques were determined, and their corresponding 
plaques on the agar were collected into an SM solution (0.1 M NaCI, 0.16 M MgS0 4 , 50 mM Tris-HCI (pH 7.5), 
0.01% gelatin). 

6) The collected plaques were caused to form further plaques on an NZY agar culture again by a conventional 
30 method, and fixed onto a nitrocellulose membrane. 

7) The steps of 2) to 6) were repeated three times. As a result, the positive plaques became a single plaque. This 
plaque was collected, and then suspended in 100 \i\ of SM solution, so as to stabilize phages. The gene isolated 
from this plaque was named TIP49 gene. 

35 6. Large-scale preparation of TIP49 Gene 

[0063] 

1) 50 |xl of phages suspended in the SM solution and 20 ^1 of Y1 090r-Escherichia coli were mixed together, and the 
40 mixture was left for 15 minutes at 37°C. 

2) Thereafter, the solution mixed in 1) was transferred to 10 ml of NZY culture containing 100 jig/ml of ampicillin 
and cultured for 6 hours at 37°C. 

3) After the culture was centrifuged at 8000 rpm for 5 minutes, the supernatant was collected. 

4) Into the supernatant, 1 ml of 5 M NaCI and 1 .1 g of polyethylene glycol 6000 were added and dissolved. 

45 5) The resulting solution was left for an hour on ice, and then was centrifuged at 10000 rpm for 20 minutes at 4°C. 

6) The sediment was collected and then suspended in 700 *il of SM solution. 

7) The resulting suspension, with 500 ^l of chloroform added thereto, was stirred, so as to dissolve the remaining 
Escherichia coli. 

8) The solution thus obtained was centrifuged at 5000 rpm for 10 minutes, and the aqueous layer was collected. 
so 9) To the collected aqueous layer, 1 ^l each of 1 mg/ml RNase A and 5 mg/ml of DNase I (both manufactured by 

Sigma) was added. After the mixture was left for an hour at 37°C, 600 \i\ of 20% polyethylene glycol 6000 (0.8 M 
NaCI) was added thereto, and the resulting product was left on ice for 30 minutes. 

10) After this product was centrifuged at 15000 rpm for 20 minutes at 4°C, the sediment was collected. 

1 1) To this sediment, 500 \i\ of SM solution, 50 ^l of 5 M NaCI. and 50 \i\ of 0.5 M EDTA were added. Thereafter, 
55 with 400 \x\ of phenol added thereto, the mixture was stirred, so as to dissolve phages and liberate cDNA. 

12) After the solution was centrifuged at 15000 rpm for 5 minutes at room temperature, the aqueous layer was col- 
lected. The aqueous layer thus collected , with 1 ml of ethanol added thereto, was centrifuged for 20 minutes at 
15000 rpm, and then the liquid layer was discarded. 
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13) The sediment was washed with 1 ml of 70% ethanol, and dissolved in 100 p\ of TE solution (Tris-CI pH 8.0 10 
mM, 1 mM EDTA), so as to yield a DNA solution. 



7. Insertion of TIP49 Gene into Vector 

5 

[0064] 

1 ) TTie following system for cutting DNA was made, and DNA was cut with restriction enzyme EcoRI (manufactured 
by Takara Shuzo Co., Ltd.). 

10 



DNA solution (prepared in 6.) 


20 y\ 


EcoRI (manufactured by Takara Co., Ltd.) 


2 Ml 


RNase A (manufactured by Nippon Gene Co., Ltd.) 


1 ni 


10 x H buffer (manufactured by Takara Shuzo Co., Ltd.) 


10 Lll 


sterilized water 


67 nl 




total 100 \i\ 


reaction temperature: 37°C 




reaction time: 4 hr 





2) Thereafter, electrophoresis with 0.7% NuSieve GTG agarose (trademark; manufactured by Takara Shuzo Co.. 
Ltd.) was effected. DNA near 1.6 kbp was cut out. and this DNA was collected by using GENE CLEAN II (trade- 
mark- manufactured by Funakoshi Co. Ltd.) in conformity to the instruction manual thereof. 

3) After pBluescript II (manufactured by Stratagene) for integrating DNA was cut with EcoRI, dephosphorylabon 
30 was effected. 



(1) The cutting with EcoRI was effected in the following system. 



35 



40 



45 



50 



pBluescript II (1 ^gAil) 


3nl 


10 xH buffer 


2 id 


EcoRI 


2 nl 


sterilized water 


13 ul 




total 20 jil 


reaction temperature: 37°C 


reaction time: one night 





(2) Subsequently, with 2 jil of 1 M Tris pH 8.0 and then 1 |ul of Bacterial Alkaline Phosphatase (manufactured by 
Takara Shuzo Co., Ltd.) added thereto, the reactant was left for an hour at 65°C, so as to be dephosphorylated. 

(3) Thereafter phenol/CHCI 3 extraction was effected twice according to a conventional method, so as to deactivate 
enzymes. Then, the reactant was purified with ethanol precipitation, and the purified product was dissolved into TE 
solution at 100 ng/^l. 

(4) The DNA obtained in 2) and the pBluescript II obtained in (3) were reacted in the following system, so as to 
insert the DNA into a vector. 
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uinm \ i.D Kup, prepareo in d)) 


5nl 


pBluescript II Notl-cut product (prepared in (3)) 


1 nl 


10x ligation buffer (manufactured by Nippon Gene Co., 


2 nl 


T4 ligase (manufactured by Nippon Gene Co., Ltd.) 


1 Ml 


sterilized water 


11 fil 




total 20 til 


reaction temperature: 1 6°C 




reaction 2 hr 





8. Introduction of TIP49 Gene into Escherichia Coli 



[0065] According to a conventional method, the whole reaction liquid was mixed with E. coli JM109 competent cell 
(manufactured by Takara Shuzo Co., Ltd.). The resulting mixture was reacted for 30 minutes on ice, for 45 seconds at 
42°C, and then for 3 minutes on ice. Subsequently, with 900 pi of SOC culture added thereto, the mixture was left for 
an hour at 37°C, so as to introduce the vector into E. coli JM109. Thereafter, E. coli JM109 was collected. 
[0066] The recombinant Escherichia coli into which TIP49 gene had been introduced was deposited in National Insti- 
tute of Bioscience and Human-Technology Agency of Industrial Science and Technology, Ministry of International Trade 
and Industry (1-3, Higashi 1-chome, Tsukuba-shi, Ibaragi-ken, postal code 305-8566, Japan) on June 23 1997 (acces- 
sion number: FERM P-16282), and then transferred to international deposit on May 25, 1998 (accession number 
FERM BP-6377). 



9. Determination of Base Sequence of TIP49 Gene 



[0067] 



1) E. coli JM109 collected in 8. was sprinkled on an LB agar culture (containing 100 ^g/ml ampicillin, 0.1 mM IPTG 
and 0.004% X-gal) and was cultured for 16 hours at 37°C. 

2) Of the colonies thus formed, white ones were planted on a 2 ml LB culture (100 jig/ml ampicillin) and then were 
cultured for 1 6 hours at 37°C. 

3) Subsequently the culture was centrifuged at 12000 rpm for one minute, so as to be condensed. And a plasmid 
DNA solution was collected according to Magic Miniprep (trademark; manufactured by Promega Corp.). 

4) By using Dye Terminator FS Sequence Kit (manufactured by Perkin-Elmer, Inc.) and autosequencer ABI3739 
the DNA thus collected was sequenced, whereby the whole base sequence was determined. The results are 
shown in SEQ ID NO. 2 in the Sequence Usting. 

10. Determination of Amino Acid Sequence of TIP49 

[0068] From the base sequence determined in 9., the amino acid sequence of TIP49 was determined. The results are 
shown in SEQ ID NO. 1 in the Sequence Listing. 

[0069] Also, Fig. 2 shows the amino acid sequence of TIP49 protein and the base sequence of TIP49 gene. In Fig. 2 
the underlined sites refer to those of sequences (1) to (4) peptide-sequenced in 3. 

[0070] On the other hand, the framed sites refer to those of sequences characteristic to ATPase and DNA helicase 
[0071 ] It was further found that TIP49 protein had a high degree of homology to RuvB protein expressed in procary- 
ote. RuvB protein is a protein which recombines and repairs DNA. Fig. 3 shows the homology between TIP49 protein 
and RuvB protein as well as the homology between TIP 49 gene and RuvB gene. The values in parentheses in the fig- 
ure refer to homology of the proteins, whereas the values without parentheses refer to homology of the genes. Conven- 
tionally, there have hardly been examples in which proteins originated from animal ceils have a high degree of 
homology to proteins of procaryote. 

[0072] Also, as for the sites bound to the probes (5) to (7) used in 4., it is presumed that (5) and (6) are sequence 
sites of the complementary strand of No. 1372 to No. 1 395 in the base sequence, whereas (7) is a sequence site of the 
complementary strand of No. 415 to No. 434. 
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(Example 2) Confirmation of Expression of TIP49 in Rat Liver Cancer Carcinogenesis State 
1. Preparation of Various Kinds of Rat Livers 



[0073] 



10 



1) Ten 5-week-old Wistar-line rats were purchased; DEN (diethyl nitrosoamine), which was a DNA-disordering 
chemical was intraperitoneally administered to seven of the rats at a concentration of 0.2 mg/g rat; these rats were 
killed one by one at 12. 24. and 48 hours thereafter; and their livers were collected and conserved in liquid nitrogen. 

2) Two weeks later, continuous oral administration (once/day) of feed containing 0.02% of AAF (aminoacetylflu- 
orene) to the remaining DEN-administered rats was started. The three rats with no DEN administrate were sub- 
jected to a regenerating liver operation, and their livers were collected 12, 24. and 48 hours thereafter and 
conserved in liquid nitrogen. 

is 2. Preparation of RNA 

[0074] RNA of each rat liver was prepared according to the guanidine thiocyanate method described in "Molecular 
Cloning Second Edition" (Cold Spring Harbor Laboratory Press. 1989), pp- 7 3-7.84. 

[0075] In practice. 1 g of each rat liver was pulverized in liquid nitrogen, added to 50 ml of 5.5 M guamd.ne th,ocyanate 
20 solution, and homogenized therewith. Thereafter, ultracentrifugation was effected in conformity to the protocol, and fur- 
ther purification was effected, so as to yield an RNA specimen. 

[0076] The RNA thus obtained specimen was purified into polyA RNA by using oligotex-dT3 super (trademark; man- 
ufactured by Takara Shuzo Co.. Ltd.) according to its product manual. 

25 3. Adjustment of Probe DNA 

[0077] By using TIP49 gene, a probe for hybridization was made. In its making method. TIP49 gene mounted on 
pBluescript II was subjected to restriction enzyme processing so as to cut out the TIP49 gene portion. After the aimed 
gene was isolated by agarose gel electrophoresis. GENE CLEAN II (trademark; manufactured by Funakosh. Co. LtdO 
so was used for purifying TIP49 gene. With 1 00 ng of TIP49 gene thus purified, a DNA probe was made by using Random 
Primed DNA Labeling Kit (manufactured by Boehringer-Mannheim GmbH) according to its product instruction manual 
with a-P 32 dCTP (manufactured by Amersham International pic) and used for the next Northern blot hybridization. 



35 



4. Northern Blot Hybridization 
[0078] 



1 ) According to the Northern blot method (formaldehyde method) described in "Molecular Cloning Second Edition" 
(Cold Spring Harbor Laboratory Press. 1989). pp. 7.3-7.84. Northern blot hybridization was effected. However, the 

40 DNA probe made in 3 above was used. 

As for the RNA at the time of sample preparation, 300 ng of polyA RNA was used. 
The exposure time for autoradiography was set to 48 hours. 

2) The TIP49 gene expression pattern shown in Fig. 4 was obtained by the operations of 1 . to 4. 1). 

From Fig 4 it was found that only the DEN-administered rat livers yielded dots denser than those of normal 
45 rat livers (i e. increased the amount of mRNA expression). Since DEN was a substance inducing DNA disorder, it 
was found that TIP49 gene was a gene which increased at the time of DNA disorder. Therefore, it was assumed 
that there is a possibility of DNA disorder being detected by use of TIP49 gene. 

(Example 3) Confirmation of Intertissue Distribution of TIP49 Gene 

[0079] For confirming the intertissue distribution, Rat MTN Blot (trademark; manufactured by Clonetech Laboratories, 
Inc ) was used. This product was a membrane, blotting the polyA RNA of each rat tissue, commercially sold for effecting 
the above-mentioned Northern Wot hybridization. With this membrane. Northern blot hybridization was effected in a 
manner similar to Example 2. The exposure time for autoradiography was set to 96 hours. 
55 [0080] The results are shown in Fig. 5. As can be seen from these results. TIP49 gene was found to be a universal 
gene expressed in all the tissues while being strongly expressed at testis, skeletal muscle, heart, and kidney. 
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(Example 4) Large-scale preparation of TIP49 
1. Large-scale preparation of TIP49 Gene 
1) Preparation of Recombinant Vector 

[0081 ] TIP49 gene was integrated into pET3a-His vector (manufactured by Invitrogen Corp.) shown in Fig 6 in which 
a histidme tag had been introduced. The details thereof will be described in the following. 

(1) First, the pBluescript II vector inserted with the TIP49 gene prepared in 7. of Example 1 was subjected to PCR 
method (described in "Current protocols in molecular biology" (Greene Publishing Associates and Wiley-lnter- 
science, 1987), chapter 15), whereby the TIP49 gene part was amplified with the primers having the base 
sequences of the following sequences (8) and (9): 

sequence (8) CGAATTCATG AAGATTGAGG AGGTGAAGAG CACC 
sequence (9) CATACCCACC CATGGGGTTC TCTGTCTCAC 



The seven bases from the S'-terminal of the sequence (8) constitute an EcoRI site. 

(2) The amplified gene was cut with Ncol and EcoRI. 

(3) Separately, the part existing on the C-terminal side of TIP49 gene on pBluescript II prepared in 7. of Example 1 
was cut with EcoRI, so as to cut out a gene. 

(4) The gene cut in (2) and the gene cut in (3) were ligated by using Ligation Pack (manufactured by Nippon Gene 
Co., Ltd.) according to its instruction manual, so as to make TIP49 gene. 

(5) The TIP49 gene prepared in (4) was integrated into the EcoRI site of the pET3a-His vector into which the histi- 
dine tag had been introduced (Fig. 6). 

2) Large-scale preparation of TIP49 Gene 

[0082] Plasmid integrated with TIP49 gene was prepared in large-scale by the method described in "Molecular Clon- 
ing Second Edition" (Cold Spring Harbor Laboratory Press, 1989), chapter 1 . The plasmid was introduced into JM109 
competent cell (manufactured by Takara Shuzo Co., Ltd.) according to its instruction manual, and cultured for one night 
in an 800 ml LB culture containing ampicillin. Then, the plasmid was recovered from the collected JM109 according to 
the alkah method (described in "Molecular Cloning Second Edition" (Cold Spring Harbor Laboratory Press, 1989) 1 33- 
1 .43). Here, the ultracentrifugation described in the above-mentioned publication was used three times. 

2. Expression of TIP49 
[0083] 

(1) The plasmid prepared in large-scale was introduced into Escherichia coli BL21 (DE3) pLysS. 

(2) This Escherichia coli was cultured in an LB culture medium containing 100 ^ig/ml of ampicillin and at the point 
in time when turbidity became 0.5 at a wavelength of 600 nm with a spectrophotometer (manufactured by Beck- 
man), IPTG was added thereto such as to become 0.5 mM, and the expression of TIP49 was induced As a control 
the case without I PTC addition was also effected. 

3. Purification of TIP49 
[0084] 

(1) Two hours later, Escherichia coli was collected, suspended in Lysis Buffer, and then sonicated at 4°C. Thereaf- 
ter, by using Beckman Optima XL-80, it was centrifuged with 50.2 Ti rotor at 1800 rpm for 15 minutes at 4°C 

(2) Thereafter, the supernatant was taken, and 1 M imidazole (pH 7.5) was added thereto until the final concentra- 
tion became 1 0 mM. Then, it was purified with Ni-NTA agarose column (manufactured by Quiagen) according to its 
instruction manual under a non-denaturing condition. 

Separately. TIP49 was purified with liquid chromatography [base buffer (20 mM Tris-HO (pH 7 9) 10% glyc- 
erol, 5 mM 2-ME, 0.5 mM PMSF), eluate (KCI with a gradient of 0.04 to 0.4 M)] using ion exchange chromatography 
MonoQ (trademark; manufactured by PharMingen) in conformance with the product manual. 
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(3) The purified specimen was subjected to 1 0% SDS-PAGE electrophoresis and then was stained with Coomassie 
Brilliant Blue. 

r0085] Fig 7 shows the results of purification with Ni-NTA agarose column. In Fig. 7, lysate(-) refers to the electro- 
Dhoresis of cell lysate without IPTC addition, whereas lysate( + ) refers to the electrophoresis of cell lysate with IPTC 
addition A band of TIP49 was confirmed at a position of 49 kD in each of Ni-NTA agarose column and MonoCX 
[00861 ' Also Figs 8A and 8B show the column pattern of MonoQ and results of electrophoresis (Coomasie staining) 
of purified protein. Fig. 8A shows the elution pattern, whereas Fig. 8B shows the results of electrophoresis of purified 
protein. It was found that TIP49 was eluted at a KCI concentration of about 0.2 M (fraction No. 43). 

(Example 5) Making of Anti-TIP49 Antibody 

[0087] 

)5 (1) For making the antibody, according to the method described in "Antibodies A Laboratory Manual" (Cold Sprang 
Harbor Laboratory, 1988), chapter 5, a rabbit was immunized with 1 mg of the purified TIP49 obtained in Example 
4, and antiserum was collected. . X , D , Q 

(2) For each of a rat liver cell nuclear extract, TIP49 purified from the nuclear extract, and the recombinant TIP49 
purif ied with the Ni-NTA agarose column in Example 4, analysis was effected according to Western blot method 

20 using the anti-TIP49 antibody. Fig. 9 shows the results. In Fig. 9, "Nuclear extract" refers to the lane of nuclear 
extract whereas TIPs" refers to TIP49 purified from the nuclear extract. "Control" is a band of beads of N.-NTA 
agarose column after TIP49 was eluted. A band of TIP49 was confirmed at a position of 49 kD. "rTIP49" is the band 
of recombinant TIP49, whose molecular weight has increased by the amount of histidine tag. As a result, an anti- 
gen-antibody reaction was confirmed, and it was also confirmed that the TIP49 purified from the nuclear extract and 

25 the biotechnologically expressed TIP49 were the same. 

(Example 6) Confirmation of TIP49 Forming Complex with TBP 

[0088] TBP with an HA tag was expressed within an animal cell, and a test for confirming that TIP49 formed a complex 
30 with TBP was effected. 

1 . Making of Nuclear Extract 
[0089] 

1) HA-TBP gene was introduced into mouse cell strain FM3A (The Institute of Physical and Chemical Research 
Gene Bank RCB0086) with retrovirus vector, so as to make recombinant FM3A cells. 

2) The recombinant FM3A cells were prepared such as to become 7 x 10 5 /ml in 1 I of a culture in which FCS had 
been added to an ES culture (manufactured by Nissui Co., Ltd.) to yield a concentration of 10%. 

3) According to the method described in "Bio-Manual Series 5, Transcription factor studying method,- pp. 27-37 
(Yodosha 1993). 4.4 ml (3.5 mg/ml) of nuclear extract were prepared from the cultured FM3A. Specifically after 1 
liter of FM3A culture liquid was centrifuged and the cells were collected therefrom, the preparation was performed 
in conformance with the condition described in "Bio-Manual Series 5, Transcription Factor Studying Method, pp. 
27-37 ( Yodosha, 1993). 

2. Confirmation of TIP49-TBP Complex Formation 



35 



40 



45 



[0090] 



50 



55 



1) Anti-HA antibody (manufactured by BAbCo) was bound to protein A Sepharose beads (manufactured by Phar- 
macia AB). so as to make anti-HA antibody/beads. . 

2) The nuclear extract made in 1 . and anti-HA antibody/beads were mixed together, and .mmunoprecipitation was 
effected according to the method described in "Antibodies A Laboratory Manual." chapter 11. 

3) The beads precipitated in 2) were eluted with an IP buffer (containing 1 mg/ml of HA peptide). 

4) For the FM3A nuclear extract (N.E.). the supernatant (IP sup.) obtained by centrifuging the beads immunopre- 
cipitated in 2). and the eluate (Elute) produced in 3), by using anti-TBP antibody. anti-HA antibody, and ant.-TIP49 
antibody respectively, analysis by Western blot method in conformance with the method described in Current pro- 
tocols in molecular biology" (Greene Publishing Associates and Wiley- Interscience. 1987). chapter 1 was effected. 
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[0091] Specifically, the analysis by Western blot method was effected by the following Western blotting Namely the 
gel which had been subjected to SDS-PAGE and thereafter immersed in a transfer buffer (125 mM Tris-base 960 mM 
glycine, 20 /o methanol) and a PVDF membrane (manufactured by Millipore Corp.; Immobilon) which has been 
immersed in methanol and thereafter immersed in the transfer buffer were held between two sheets of 3mm filter oaoer 
(manufactured by Whatman. Inc.) which had been immersed in the transfer buffer, and transfer of protein to a mem- 
brane was effected for 60 minutes at 1 70 mA by using a flat type transfer apparatus (manufactured by Nihon Eido Co 
Ltd.). The membrane to which protein was thus transfered was blocked with 3% skim milk (manufactured by Snow 
Brand Milk Products Co.. Ltd.)/TBST (20 mM Tris-CI pH 7.5. 150 mM NaCI. 0.05% Tween 20). Anti-TBP antibody anti- 
HA an .body, and anti-TIP49 antibody were used as the primary antibody, whereas alkaline-phosphatase-labeled anti- 
rabbrtlgG antibody (manufactured by Promega Corp.) was used as the secondary antibody. For the coloring reaction 
ProtoBlot Western Blot AP System (manufactured by Promega Corp.) was used. 

[0092] Each antibody was reacted with the secondary antibody labeled with alkaline phosphatase, and alkaline phos- 
phatase was reacted with a substrate (NBT. BCID (both manufactured by Promega Corp.)). whereby each band was 
colored on the gel. 

[0093] The anti-TBP antibody was produced as immunizing a rabbit according to the method described in "Antibodies 
A Laboratory Manual , " chapter 5. 

[0094] Fig. 10 shows the results. In Fig. 10. "N.E." (in lanes 1 and 4) represents the lane of FM3A nuclear extract "IP 
sup. (in lanes 2 and 5) represents the supernatant at the time of immunoprecipitation, and "Elute" (in lanes 3 and 6) 
represents the eluate of immune precipitate. The upper stage (a), middle stage (b). and lower stage (c) in Fig 10 rep- 
resent the results obtained when the anti-TBP antibody was used as the primary antibody, when the anti-HA antibody 
was used as the primary antibody, and when the anti-TIP49 antibody was used as the primary antibody, respectively 
In the nghtmost lane (lane 6) in Fig. 10, lanes of TBP and TIP49 were seen, whereby it could be confirmed that TIP49 
and TBP formed a complex and immunoprecipitated with the anti-HA antibody/beads. 

(Example 7) Confirmation of ATPase Activity of TIP49 #1 

[0095] 

1) The eluate of each of fractions No. 38 to No. 47 purified with MonoQ and ATP ( T ™P ATP) in which phosphorus 
(P) in y srte had been labeled as 32 P were reacted for 60 minutes at 37°C in a reaction liquid having the following 

composition: a 

20 mM Tris/HCI 

70 mM KCI 

2.5 mM MgCI 2 

1 .5 mM dithiothreitol (DTT) 

0.1 mM ATP 

y- 32 P ATP 0.125 yA 

SP (sterilized distilled water) to yield a total volume of 20 ^ 



Separately, M13 ssDNA was added so as to effect the above-mentioned reaction 

2 \l°J"tL eaCt]0n liqUid ' 100 ^ 01 °- 1 N HCI * 100 of 2 m & ml BSA - and 250 of 1 0% (W/V) active carbon were 
added. The resulting mixture was stirred and then allowed to stand for 15 minutes on ice 

3) Thereafter, the mixture was centrifuged at 4°C for 15 minutes at 15000 rpm t and 200 ul of the resultinq super- 
natant were dispensed into a new tube. 

4) This supernatant was centrifuged at 4°C for 5 minutes at 15000 rpm. and 100 ^l of the resulting supernatant 
were dispensed into a new PCR tube (manufactured by Perkin-Elmer, Inc.). 

5) The concentration of radiation in this supernatant was measured with a liquid scintillation counter (manufactured 
by Beckman, Inc.) according to its product manual. 

!!°?2 1 ?- e rSSU,tS ShOWn in Rg * 1 1 • tt 030 be seen that 32p in y site of ATP was cut and liberated by TIP49 so 
hat the radiation thereof was measured. In Fig 1 1 , whitened bars refer to the case without the M13 ssDNA addition 
from wh.ch it has beenl found that the liberated 32 P depends on the amount of TIP49 in the reaction liquid. Also it has 
been found that the ATPase activity of TIP49 is enhanced by the addition of M13 ssDNA 
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(Example 8) Confirmation of ATPase Activity of TIP49 #2 

[0097] The TIP49 (fraction No. 43) purified with MonoQ and ATP were reacted with each other in a manner similar to 
Example 7 With the nucleic acid to be added being any of M13 ssDNA, pBluescript, the whole RNA derived from rat 
5 liver cell (Total RNA), PolyA, PolyG, PolyU, PolyC, and no addition, the ATPase activity of TIP49 was investigated with 
the liquid scintillation counter. 

[0098] The results are shown in Fig. 1 2. From Fig. 1 2, it has been found that the ATPase activity of TIP49 is somewhat 
activated with the addition of nucleic acid and in particular with M13 ssDNA. 

w (Example 9) Confirmation of Helicase Activity of DNA in TIP49 

[0099] 

1) The eluate from fractions No. 38 to No. 47 purified with MonoQ and a sample DNA in which a single-strand DNA 
is of 30b (CAGTCACGAC GTTGTAAAAC GACGGCCAGT) had been hybridized with M1 3 ssDNA were reacted with 
each other with addition of ATP, for 30 minutes at 37°C in a reaction liquid having the following composition. For 
comparison, the eluate purified with MonoQ and the sample DNA were similarly reacted with each other in cases 
where no ATP was added, ADP was added, and no MgCI 2 was added. 

20 20 mM Tris-HCI pH 7.5 

2mM DTT 

50 ^ig/iiil BSA 

0.5 mM MgCI 2 

80 mM KCI 
25 1 mM ATP 

10 to 15 ng (1500 cpm) substrate (M13 ssDNA) 

enzyme (MonoQ purified eluate) 

SP to yield a total volume of 20 \i\ 

30 2) To the reaction liquid, 5 |d of a stop liquid having the following composition were added, so as to stop the reac- 
tion. 

60 mM EDTA 
0.75% SDS 
35 0.1% BPB 

50% glycerol 

3) The reaction liquid was subjected to electrophoresis on 10% acrylamide/0.5 x TBE (Tris-borate/EDTA) with 120 
V of voltage applied thereto. 

40 4) After the completion of electrophoresis, the gel was dried, and autoradiography (with an exposure time of 12 
hours) was effected. 

[0100] The results are shown in Fig. 13. From Fig. 13, it has been found that, since a band of single-strand DNA of 
30b dissociated from the sample DNA is detected in fractions (No. 42 to No. 45) containing a large amount of TIP49 
45 the TIP49 in these fractions dissociates the association between M1 3 and the single strand DNA of 30b. Namely, such 
TIP49 has a DNA helicase activity. 2 . 

[0101] Also, it has been found that TIP49 has no DNA helicase activity when ATP is not added and when Mg is not 

added. 

so (Example 10) Acquisition of Human T1P49 Gene 
1 . Making of Human cDNA Library 



55 



[0102] By using a human liver cDNA library (manufactured by Clonetech Laboratories, Inc.), plaques on the order of 
10 6 were made on an NZY agar culture. This cDNA library was fixed onto a nitrocellulose membrane (manufactured by 
Millipore Corp.) according to the method described in "Molecular Cloning Second Edition" (Cold Spring Harbor Labora- 
tory Press, 1989), Chapter 9. Thereafter, this membrane was washed with 2 x SSC at 60°C. 
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2. Acquisition of Human TIP49 Gene 

[0103] By using TIP49 DNA (whole length) as a probe, the whole length of human TIP49 gene was obtained from the 
human cDNA library in a manner similar to 5. of Example 1 . 

3. Introduction of human TIP49 gene into Escherichia coli. 

[0104] In a manner similar to 8. of Example 1, the human TIP49 gene obtained above was introduced into E coli 
JM109. Thereafter, E. coli JM109 was collected. 

[0105] The recombinant Escherichia coli into which TIP49 gene had been introduced was deposited in National Insti- 
tute of Bioscience and Human-Technology, Agency of Industrial Science and Technology, Ministry of International Trade 
and Industry (1 -3, Higashi 1 -chome, Tsukuba-shi, Ibaragi-ken, postal code 305-8566, Japan) on June 23 1997 (acces- 
sion number: FERM P-16281), and then transferred to international deposit on May 25, 1998 (accession number 
FERM BP-6376). 

4. Determination of Base Sequence of Human TIP49 Gene 

[01 06] In a manner of similar to 9. in Example 1 , by using Dye Terminator FS Sequence Kit (manufactured by Perkin- 
Elmer, Inc.) and antosequencer ABI3739, the whole base sequence of human TIP49 gene was determined The results 
20 are shown in SEQ ID NO. 4 in the Sequence Listing. 

5. Determination of Amino Acid Sequence of Human TIP49 

[0107] From the base sequence determined in 4., the amino acid sequence of human TIP49 was determined The 
25 results are shown in SEQ ID NO. 3 in the Sequence Listing. 

[01 08] The homology between rat TIP49 gene and human TIP49 gene is 90.3% in the code region of protein The rat 
TIP49 protein and the human TIP49 protein differ from each other only in the amino acid at site 291 , and are conserved 
very well between the species. It suggests that TIP49 is an essential material for organisms. 

30 Industrial Applicability 

[0109] The TIP49 protein, mutants of the TIP49 protein, polynucleotides coding them, antisense polynucleotides of 
these polynucleotides, and an antibody recognizing the above-mentioned protein in accordance with the present inven- 
tion provide a means for elucidating the transcription control function of TBP involved in transcription of all the aenes of 
35 organisms. * 
[01 10] The TIP49 of the present invention can also be used as DNA helicase and ATPase. 
[01 1 1 ] The TIP49 of the present invention can also be used for detecting DNA disorders. 

Claims 

1- A protein selected from the following groups (a) and (b): 

(a) a protein comprising the amino acid sequence set forth in SEQ ID NO.1 in the Sequence Listing; 

(b) a protein having the activity of forming a complex with TBP and comprising the amino acid sequence mod- 
ified by substitution, deletion or addition of one or plural amino acid(s) in the amino acid sequence set forth in 
SEQ ID NO.1 in the Sequence Listing. 

2. A protein selected from the following groups (c) and (d): 

(a) a protein comprising the amino acid sequence set forth in SEQ ID NO.3 in the Sequence Listing; 

(b) a protein having the activity of forming a complex with TBP and comprising the amino acid sequence mod- 
ified by substitution, deletion or addition of one or plural amino acid(s) in the amino acid sequence set forth in 
SEQ ID NO.3 in the Sequence Listing 

55 3. A protein of claim 1 or 2 further having the ATPase activity. 

4. A protein of any one of claims 1 to 3 further having DNA helicase activity. 
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5. A protein selected from the following groups (e) and (f): 

(e) a protein having the activity of forming a complex with TBP and comprising a part of the amino acid 
sequence set forth in SEQ ID NO.1 in the Sequence Listing; 

(f) a protein having the activity of forming a complex with TBP and comprising a part of the amino acid 
sequence modified by substitution, deletion or addition of one or plural amino acid(s) in the ammo acid 
sequence set forth in SEQ ID NO.1 in the Sequence Listing. 

6. A protein selected from the following groups (g) and (h): 

(g) a protein having the activity of forming a complex with TBP and comprising a part of the amino acid 
sequence set forth in SEQ ID N0.3 in the Sequence Listing; 

(h) a protein having the activity of forming a complex with TBP and comprising a part of the amino acid 
sequence modified by substitution, deletion or addition of one or plural amino acid(s) in the amino acid 
sequence set forth in SEQ ID NO.3 in the Sequence Listing. 

7. A protein of claim 5 or 6 further having the ATPase activity. 

8. A protein of any one of claims 5 to 7 further having DNA helicase activity. 

9. DNA coding the protein of any one of claims 1 to 8. 

10. DNA comprising the base sequence set forth in SEQ ID NO.2 or 4. 
25 11. RNA coded by the DNA of claim 9 or 10. 

1 2. An antisense DNA corresponding to the DNA of claim 9 or 1 0. an antisense RNA corresponding to the RNA of claim 
1 1 , or an antisense polynucleotide comprising a derivative thereof. 

30 13. A polynucleotide comprising a part of the polynucleotide of any one of claims 9 to 12 and further comprising 12 or 
more consecutive bases. 

14. A polynucleotide that the polynucleotide of any one of claims 9 to 13 as chemically modified. 

35 1 5. A method obtaining cDNA which is a homologue of the DNA of claim 1 0, wherein using the polynucleotide of claim 
12 or 13 as a probe, cDNA hybridizing to said polynucleotide is obtained from a cDNA library. 

16. cDNA which is a homologue of the DNA of claim 10, and which is obtained by the method of claim 15. 

40 17. A protein which is a homologue of the protein of any one of claims 1 to 3, comprising an amino acid sequence 
coded by the cDNA of claiml6. 

18. An antibody recognizing the protein of any one of claims 1 to 8 and 17. 
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Fig.1 
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Fig. 2 



CGCAGGTTG7 GGCTGCACAC ACTCGTCAAA ATG AAG ATT GAG GAG GTG AAG AGC ACC ACG AAG ACG 

m K l — E — E — 1 — & — S — I — I — &_ i 

CAA CGC ATT GCC TCC CAC AGC CAC GTG AAG GGG CTG GGG CTG GAT GAG AGC GGC CTG GCC 
Q R1ASHSHVKGLGLDESGLA 

AAG CAG GCG GCT TCG GGG CTC GTG GGC CAG GAG AAC GCG AGA GAG GCA TGT GGT GTC ATA 
K OAASfil- VCQ E H A_ R E A C G V I 



GTC GAA TTA ATC AAA AGC AAG AAA ATG GCT GGA AGA GCT GTC HG TTG GCA GGG CCT QCT 
£i i r«:iflfMAGRAVLLAG PB 



1 K S K K M 



R 



KfiA ACT GGC AAG ACA CCC TTG GCC CTG GCT ATT GCT CAG GAA CTG GGC ACT AAA GTC CCT 
G T G r ~rn A LALAI AQELGSKVP 

TTC TGC CCG ATG GTG GGT AGT GAA GTA TAG TCA ACT GAG ATC AAG AAG ACA GAG GTG CTG 
FCPMVGSEVYSTE IKKTfcvi. 

ATG GAG AAC TTC CGA AGG GCT ATT GGG CTG CGG ATA AAG CAG ACT AAG GAG GTT TAT GAA 
MENFRRA1GLRIKETK E — 1 — I — E_ 

GGG GAG GTG ACA GAG CTC ACT CCC TGT GAG ACA GAG AAC CCC ATG GGT GGG TAT GGC AAA 
r. P V T R I. T PCETENPMGGYI1& 

ACT ATC AGC CAC GTG ATC ATA GGG CTC AAC ACT GCC AAA GGA ACC AAA CAG CTG AAG CTG 
T1SHVI 1GLKTAKGTKQLKL 

GAC CCC AGT ATT TTT GAA AGT TTG CAG AAA GAA CGA GTA GAG GCT GGA GAT GTG ATT TAC 
DPSIFESLQKERVEAGDV I 

ATT GAA GCA AAC AGT GGA GCT GTG AAG AGG CAA GGC AGG TGT GAC ACC TAT GCC ACA GAG 
I EANSGAVKRQGRCDTYATE 

TTT GAC CTT GAG GCT GAA GAG TAT GTC CCT TTG CCA AAG GGA GAT GTG CAC AAG AAG AAG 
FDLEAEEYYPLPKGDYHKKK 

GAA ATC ATA CAG GAT GTG ACC TTG CAC GAC TTG GAC GTG GCC AAT GCG CGG CCT CAG GGT 
E1 ] QDVTLHDLDVANAKrWu 

GGG CAA GAT ATT CTG TCT ATG ATG GGC CAG TTG ATG AAG CCA AAA AAG ACA GAG ATC ACA 
GQDILSMMGQIMKPKKTEll 

GAT AAA CTT CGA GGG GAG ATC AAC AAG GTG GTG AAC AAA TAC ATT GAC CAG GGC GTT GCA 
DKLHGE1NKVVNKYIDQ0VA 

GAG CTG GTC CCT GGA GTG CTC TTT GTT GAC QAG CTC CACATG CTG GAT ATC GAG TGC TTT 
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ACC TAC CTG CAC CGA GCC CTG GAG TCC TCC ATC GCC CCC ATT GTC ATC TTT GCA TCC AAC 
TYLHRALESSlAPlVIFAbd 

CGA GGC AAC TGT GTC ATC AGG GGC ACC GAG GAC ATC ACT TCT CCA CAC GGC ATC CCG TTG 
RGNCVlRGTEDlTSPHGlrL 

GAC CTG CTG GAC CGG GTG ATG ATC ATC AGG ACC ATG CTG TAT ACG CCA CAG GAG ATG AAG 
DLLDRVMIIRTMLYTPQEHK 

CAG ATC ATT AAG ATC CGA GCC CAG ACG GAA GGC ATC AAC ATC AGT GAG GAG GCC CTA AAC 
QI IKIRAQTEG IN lSEEALfl 

CAC CTC GGG GAG ATT GGC ACC AAG ACC ACG CTG AGG TAT TCA GTG CAG CTG CTG ACC CCT 
HLGEIGTKTTLRYSVQLLTP 

GCC AAC CTG CTG GCC AAG ATC AAC GGG AAG GAC AGC ATT CAG AAG GAG CAC GTG GAG GAG 
ANLLAKINGKDSIEKEHV tt 

ATC AGC GAG CTC TTC TAT GAC GCC AAG TCC TCC GCC AAG ATT CTG GCC GAC CAG CAG GAC 
ISELFYDAKSSAK J L — 4 — C — S — U — U_ 

AAG. TAC ATG AAG TAA CGTAGGGTTT GGAGGTGCAC CCAGAGGACA GACCCCACAC CGAGGACAGG 
X Y M K * 

GTCTTGCGTT GAGCATGCTT TGCAGTGTTA CAGTTTGTTT GTAAATTATC AAACCTCCAA GGTTGTTTGG 
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Fig.4 
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Fig. 6 
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Fig. 7 
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Fig.9 
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Fig.10 
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Fig.11 
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Fig. 12 
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Fig.13 
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